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Organiodnorganic hybrid tranastors 

Tti* invention lelalss to a new class of Qtsanfo-inoiganic hybrid materials for thin film 
tnmsistofs tfuit exhibit good stabiUty in water, as wcU as processing of sucb xran^istac 
devices aod Oic leduclion of impunties by exposare to water, 

SDnricondiictiixg conjugated polymer field-ft££bot transi«tois (FETs) have potetitial 
^Ucations as key eleouaits of ims^giated logic cixcoite (C. Dnity. et aL, APL 73. 108 
(1998)) and optoelectronic devices (H. Sininghaos. ct al.. Science 280, 1741 (1998)) 
based on soUjtion processing on flexible plastic substrates. One wain ciitcadoa to obtain 
high charge carrier moWIilies has been found to be a high degree of stmcuiral oider in 
ib& active semiconducti]^ pdymer. 

Local order in diin polymer films can be actiewd hy making use of die tendency of 
some polymas to sdf-organise. An example is poly-3-hexyIthiophBne (P3HT) in which 
microoystalline. lamella-^e oideced structuxes can be foimcd by phase segicgatlon of 
rigid main chains and firadble side chains. By using suitable deposition techniques and 
chemical modification of die snbsUate it is possible to induce preferential orientaiions of 
the ordered domains of flic polymer with respect to the snbstrate surface. At present 
P3Hr yicJds file highest known CeW-KEfect mobilities of 0.05-0.1 cm*/Vs for polymer 
FETs (H. Siiringhaus. et al,» Sdencc 280, 1741 (1998)). lii these known devices there is 
no preferential, uniaxial alignment of the polymer chains in the plane of the film. Hid 
high mobiHties are due to eiESd«ait interchain chaige transport along die direction of 
dose n-n stacking in the plane of die conjugaied lamellae. 



03/07 '02 15:16 




CAVENDISH OE GRP 



@005 



2 



ReaEiation of the often-made promise and rowch-heralded amiouBcemcnts of mass- 
produced, low-cost *^plastic ol^ctiottiGS'' based on sckmi-coiiductiz^ organic materuUs 
^epger, A. J„ Rev, Mod Phys. 73 (3)» 681-700 (2001)) regoiras, among oiliec qufOitieSa 
ease of processing, and, more ioqpoitaiiffy, sfcafaiEiy during ftbiication and ptactteal use 
of the linal products* Virtoally all organic polyroers and oligomer^ that are under coirent 
scrutiny for this purpose appear to sullef Irom degradation upon exposure to oxygen 
and Avdt^, ^d, h^nce, require manufacturing conditions, as well as packaging $yfitems 
such as glass, that are prone to eliminate at least some of thrar purported beneOte. 

According to a first aspect of the present invention we disclose a new class of sohiion 
pcocessible semiconducting materials for thin fflm transistor applications that exhibit 
extraoxdimny siabifiLy when washed in water for ptrolonged periods of time at elevated 
tmqp^Btnzes* The mal^dals conqptito semi-cor^ucting, metal-based cbainrstmcbizes 
such as those compiisme Pt, Pd, and others or mixtures thereof synthesized in, for 
instance, aqueous media substituted wiOi orgwic ligands. 

It is envisaged that the ligands nmy be Ihe sume ordiOerent at all occurrence^ and that 
the Bgsnds may display at least one or more of the folltowing functions or 
ch^uracteristics: i> promote solubility; il) be capable of forming a covalent bond >viih 
another ligand, for instance upon irradiation; liL) display photolumiQescenQe or oth^ 
functioml optical properties; iv.) be an electron-accepting (n-^pe) or dbctron-donatiog 
(p-type> semiconduciar. 

Thin films were produced under ambibnt conditions .from common organic solvents, and 
eT^osed -without significant loss of perfonnanqer to while light and air fbr periods of 
time in excess of 6 months. Remarkably, immen^n of the EETs in water of 90 **C iV>r 
more than 12 hrs did not deteriorate important device chaxacteristics, bat, in fwt 
improved, for instance, their ON-OEF switching ratios by a factor 10 and more. 
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According to a second aspect of the present inventiion a tephiriqui^ is disclosed that 
allows to reduce tho levd of impurities and residual dopants in a tbin fii^^ 
s^nicoDductor device thai contains impurities, £Dr instaTioe ioniq species The technique 
is ba^cd on washing tiie as-deposited film or con^leted device in dexonised w^r. AEter 
washing a reduction of the bulk fifan conductivity* Le. the impurity coDcentratiOn. aiid a 
reduction in dcw;e liystcanesis without significant degradation of the charge cazrier 
tiiofaility is be achieved. 



The invention will now he described with reference to tlic following figures: 

Figure 1 n. Schematk of the cheniiga] strocture of $olution-ptooeaaiblc, scsai- 
conducting tetrakis((S)-l<*amino-3,7-dimethyloctane} platimui&(II)- tetrachloroplatinatc 
(II), [Pt(ira2diJn<K5)4][i^C^^ b. Wide-angle X-ray difi&action patterns recorded (torn 29 
= 10 ^ at the various temperatures indicated. In this dynamic cxpexmimt, the crystalline 
order in the Pt-cumpound was observed to ineversSWy disappear at -140 "C. 

figure 2 a. Polarized optical micrograph of an oriented fiBajnent of 
[Pt(NIfcdmoc)4][PtClt] produced by electro-spinning^^ from a super^cooled, viscous 45 
% w/w solution in tohiene. Portions of the JESaments dial appear dark in the image are 
parallel to the (crossed) polarizer or analyzer, b-d» fSfzns of an eTctraordinary degree of 
uniaxial crystalline order of [Pt(NHzdraoc)4]EPc(IU] conM readily be grown uxidcr 
andnent conditions &om, for instsoice, a 2 % w/w, supersaturated solution in toluene 
onto a glass substrate that was coated with m uttr^i-thin layer of friction-deposited 
pofyCtetraflnoroethylene). b. Electron dieBractio33 pattern x^vealing the orientation of the 
Pt-compound along die PTFE macromolecules (arrow). Tbe open circle marks the faint 
r^Qectbn of die 0.1294 nm spacing alcmg the PTFE chains. c*d. Scanning probe 
microscopy images revcaSc^ the very high degree of uniaxial order in the films and 
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saggestiv© of tiie hcKcal nature of rPt(NH2dmoc)4][PtCl4] possibly induced by tiie chinJ 
Ugjwd (S)-3 J-din»thyloc«3d.-l-ainine. ts. Original image taken in deOecticm mode; inset: 
fest-F6iiiiBr transfoxm (JPFT). EFT-filiered image of inset: FFT-filtered luagiit 
image. 

"Fism^ 3 a, UY-vis (dotted grey curve) aoA divukr didiroism spectnim (sofid curve) of 
a 1 pmfOmof aiegi«enPt-<;(mpoiii«lca8t£romto The wealsr tibiioiplJon bond 
al lOngto- wavebngdis is responsible fin- the green color, and is attnbnted to JocsaKaed Pt 
d-d tcansitk^i^ TOto tmisient change in conductivity. Ac?, on irradiation of 
[Pt(NH2dmoc)4][PtCl»] with a 10 ns pulse of 3 McV electrons detected by time-resolved 
miCTOwavc conductivily at a ftaquency of 33 J GHz. Hie conductivily is TwrmfltiBwi to 
tbe «anrgy deposited in tliB sample, A J/cnl^ 

E^ure 4 ^,h. Optical micrograpli (a) and schematic representation (b) of a thin-fOm 

fiekJ-e^foct transistor (PET), produced under ambient conditions, comprising 

lTt(NHidmoc)4l[PlCl4] (aligned on MgUyoriented PTFE (5)) as the active semi- 

wjnducting layer (4), vacuiun-evaporated goM source/drain dbctrodes (5), and an &++- 

doped silicon wafer (J) wilh a 200-nm tUn oxide layer (2) as gate and gate insulacor, 

tespectivaly (oLflW l^aigth. L^lOilm width, W = 1.5 mm; insulalen: capacitance. G 

s= 16 nF/cm^. c Transfer characteristic of as-produced dewso. d. GbaraccBiisiic of the 

ma& di>vice» but stored for 12 Ins in water at 80 "C. (Dascts: Comesponding logarithmic 

plots.) e. Output charactraibtics of [hot-lwatfflr-treated FETs, comprising highly ortenied 

(graph) and spin-coated, nnorbnted Ci»>set) [Pt(NHidaMK;)4][PtCl«] active layers, t 

ReOationship of fi^-effect moMity, hbet, and conductivi^. ^ as detcamnned from FET 

device diaiacterutics. owas dcsmred from the output charactadstics: 

^_J^ UO^-OV) 
"Wt' V«, 
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wifli t, the thickness of active, semi-cODducting layer. Squares and triangles represent 
data tak^ for FETs ba$ed on aSgfted [ItCNBWnwcMtPtCW. chanoei parallel to Pi- 
cbirim; oprai aqoates, as-ptepared devices; solid black symbols, devices of diTBsrent 
batches ttStar various temperuaxe aod Idoetic stadiss. but before HsQ-bscOr, soM blue 
syjttbols, dcwces after hot-water {reatnienL Open blactc circles are data points for 
devices wifli diannel perpendicular to chains, before water storage: open blue circic: 
spin-coated device, after water ti^tment. For comparison, the power-law teiationsbip 
collected by Browi) et al [Biowii. et aL, SynOtetic Metals 68. 65-70 <I994)] for various 
amozphous oisank semi-conductor FETs is also inchided. 

Orgam&.inorgairic hybrid materials tccemly have beai proposed as posdUe altesnatives 
to orjgamc semircominctais. Tndeed. a number of iateirestnig oleccronic devtees have 
bcea d^noiKtrated with tnateaials such as those based on intercalated organic 
tinODiodide perovskibes (Kagao, C. EL. Mita, D. B. & Jiinatralcoponlos, C. D.. Science 
256, 945-947 (1999); Chondroudis, K. & Mitzi. D, B., Chim. Mater. 11, 3028-3030 
(1999)). Despite the bfawfirial feet fliait the Syndesis of these matedrials may be caziicd 
out ntider convenient hydrofhermal conditions, onfortunatefy. also (besc maierials 
appear to saSEex fiom envitomnantal instaMIiiy. manifested, for instance, in the form of 
deinteicailation - a process that may occur already at room temperature (Mifcrf, D. B., 
Medeiros, & Malenfeot. P. R. L., Liarg. Oum. 41. 2134-2145 (2002)). 

Unlike the layered oiiganis-inorganic l^rid mataials mentioned above, the semi- 
condiicting material in tlie present wodc is a quasi-one dimensional cbain-stmctote with 
a baddxme of, for faistance, Bnearly arranged platinwn atoms (Fig. la). This 
embodiment is based on Magmis' green salt, [Pt(NH5)4l[Pta4], that was desert as 
long ago as 1828 (Magnus, G. , Posg. Ann. 14, 239-242 (1828)), for an exvelleat 
overview see InietrantB. L. V, , Adv. Chem. Ser. ISO, 1-17 (1976). The oi^ginal salt and 
maxxy subsequcntty produced modifications Hictcof are dbatacterized by a Pi-Pt distance 
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that typically is between 0.32-0.36 nm, depeaidiQg on lie derivative, as opposed to 0.277 
ma w platinum me/taL Unfortraately, thesd early Ft-comgnnnds aie virtnally intractaWe 
aul. as a lesult, have foaud no pcaciieal ^licatioiis. Howevet, hy cbstifaOy se3ecdsag 
tiie pbemical staicUne of the Ijgands, e.g. NHzIt with R a linear or branched alkyl 
^up, in analogy to imparting trajtolaiay to, for instance, polyaailine. it has proven 
possible to synthesize soluble EPtCNHOlWCPtCli] compounds. These have been shown 
to exhiHl a polymeric, qaasi-lio^ Pt-^diain stmcture even in soJodon and can actnally 
be beller xeprasented as ([Pl(NM)4,][PtClJ),; with n varying between about 10 and 
1.000» depending on the jKurdcnlar aSkyi snbstitaent CBtoni. J., CasedL W. & audlh. P., 
J. Motet. Chem. 11, 2593-2596 (2001); Fontana, M. et aL, Ckem. MaL 14, 1730-1735 
(2002)). As siiown bare, particqlady beoelScial properiies are found for die derivative in 
which R Is (S)-3,7-dimethyloct34 (dnaoc). 

Synthesis of oompoundis of the typo [Pt(NHzR)4]LPtCa4l, which is one 
embodnomt of the present invoition, is simple in that it reqinres none of die special 
eavironitwots or particular precautions, sudi as exdusion of air and water, often 
encountered for the synth^is of popular organic senn-conductoiB. The procedure 
comprises dissolving KjsEPtcad in water, to wbdteh the selected amino-compound is 
added (h£ne (S)-3,7-diinBthsdoctyl-l-andn0) and, subsequeaidy. another equimoletr 
quaalily of KiaEPtCIiL yielding the desir^ con^poond. The podutt is extracted fiom the 
lection joKtme sioqply by dissolution in. fbr instance, ' hot tohaie. 
i;Pt(NHadmoc)4][PtClt] thus obtained is a green, crystalline material that is thermally 
staTjle in air up to above 130 °C (Fig. lb). 

[Pt(NH2dmoc)4][PtCl4] is highly soluble at moderately dbvated tempetataies 
(-70-80 "C) in a vaiiely of conmuin organic solvents, induding tolaene, 
trichJoroediane. p-dicUorobenKene and xylene, fit>m which the Pt-compowid can 
convanieiitly be rectystaHized by cooling or evaporatiDn of die solvent under ambient 
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condMons. This very desirable property ibakes it possiMo to readily form fifewi, fibers 
CE5g. 2a>, bJende with polyniBrs, smd other structwes. Also, the growth of highly 
oriented films of [Pt(NH2iaiBOC>4l[Pta4] was found to be a ratheir nivial exepcise. When 
glass slides cov^ with a fiictioa-depositBd traittfier film of poly(te<rafluonjethylen6) 
(FITPE) were iirtcoduccd a« orienting substraiB into a auper-aatnrated tohienc solotion of 
the Pt-compound. it crystelliaed in to ibnn of a film of an esctraoxdinaiy W«h degree of 
uniaxial orientation along the axis of the FIFE macromolecules. ftom the very lich 
dectroit dlB&acaDn patterns of such fflms (F%. 2b) the Pt-Pt distance was datennined to 
be 0.31 mn, wMidi is shocter than the sparing fbtind m previously synthcsizsd members 
of the [Pti(NI^!K)4][PlCl,] aeries imd is closer to that in Pt metal Spinrcoating under 
ambient conditions yfcltoi letaiively amotphotis films* as evidenced by polarizing 
optical micioscopy and X-ray anatysis. due to the low rate at TwWch die complex process 
of self-ordering of the Imesir Pt-chaios taJces place. 

UV-vis spectra, of |Tt(NH2dmoc)4][Pi3CUi Chns (Hg. 3a) were donmated by an 
absorption maadmam at a wavelength X = 310 nm thai was previonsly assigned to a 5<fc 
- €p^ chargc-transfM transition from the [PtCU]^ to flic [Pt(NH2»)4]*'' unit. The films 
displayed a distinct bisignate Cotton efifect, indieathre of strong exqitonic coupling 
between the chromophores. UltraJiigh cMral anisotiopy fectois gi*,( = Aefe of the same 
mm at the same wawIraigUi) of -OAl and 0.10 wem detemmed fi>r the first and second 
Cotton effect at X = 314 and 298 nm, lespeotively. These values exceed those usually 
found for oTganometaDic and organic substances, including certain biomolscul^ that 
wese reported to eaddbit "grant" drcular dxchroism. 

The biilk electrical eonducfiwty at room temperaiuie of compacted powder pellets of 
[Pt(NHsdm!Do)*]lPiCk} was 2-lOr' S/cm, wMch is m lie range of 10* -lOr» S/cm 
i^orted previowly Eat many other quasi-one dm^DS)»n«] metal con^?oands. e.g. 
iridium, gold, nickel, and platinum conqilaxes inctading Magnus' green salt itself 
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(imsr, X S, & Epstein, A. J, , Prog. Inorg. Chem. 20, 1-151 (1976); Rao. C R R. & 
Bhat, S, Inorg. Nucl Left. 5. S31-S32 (1969))- (It should be noted that the efectdcal 
conductivity of Magnus' green salt cot be sigmficandy influenced by the prewnise of 
in^unties (Mchran, R & Inimafltc L. V,, Solid State Commuru 18» 1031-1034 
(1976)). Reduction of the conductivity values of about a factor of 10 w»b teconSed 
upon ti»atment of the material for 12hr5inH20 at 90 

Thfi intdnsic mobility of chaige carriBTs in [Pt(MEiadmoc)4]|FtCl4l has been 
detennioed using the pulse-iadlolysis time^rcsolved mcrowaro wndndivity tectanigiic 
(PR-TEtMC) (SchDuten, P-G-. Warman. J.3M. & de Haas, MJ?, , X Fhys. Chenu 97, 
9863-9870 (1993)). From th© room temperature, tran^jemt radi^u-indiiccd 
conductivity shown in Fig. 3K 1^ one-dimenaional mobility along the Pt-chahis is 
detecynined U> be > 0.06 ctr?fV&. This con^ares favorably with values found for 
stacked discotic maleiials aiid TC-bond conjugated polymers using the same technique. 
The mohflity determined by PR-TEIMC is the trap-free value and is oxjpccted to be dose 
to the optimum value that oouM be achieved in a DC devfce structMce: for a wett- 
orgamzed layer of the semi-conductor material between the ebplrude*. TTads has been 
shown to be the case for cime-of-flight measurements on Ihe discotic material 
hexaMs(heTcylthio)triph^ylsne and for PET measuieme^nts on a,cD- 
dihexyiqualertMophene. WeH-aBgned, defbci lice© layers of p>t(^^^2dmoc)4]I?^04.3 
should, thfiie&re^ idtimately be capable of snstaunne cunent densities and $witcWng 
times comparable with the best motecular semi-conductor materials pTesenfly in use or 
proposed^ 

Simple, field-effect transistors comprising [PtCNH2dmoc)4l[PtCLil as Ihe active 
semi-conductor layer were produced under ambient condilions in air both with highly 
oriented fihns grown onio PTFE orientation layers and isotropic, spin-coated fihns of 
the Pt compound (Hg. 4). Devices in wWch ihe Pt-chahi stmctures were aligned paraHel 
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to the cuiwnt transport direction exhibited p-type transistor actiun with fiield-^fiect 
mobilities on the order of KT^ - 10^ cmiVVs, We alMbuie llns; Co iqjection of holes mtx) 
the valeiice band wbicili 1$ based on the Pt orbiLals and is therefore delocalized along 
the pofymer axis. In contra$t, tve were not alAe to obudn Ortype operation. The 
observadon of olean transistor device operation in this material & remarkable as it 
demonstrates thai the level of mobile ionic impurities in [Pt(NH?dmoc)4][PECl4] is 
&uflicdently low tiat die fbrmstion of an accumulation layer of jfeld-induced charge 
oaixier$ at the active senuroonductoc^dielectric interface is possible. IP£CBJNH2}4]CPtCU] 
eompowds are a new dass of organic-inorganic hybrid materials Sat tbin fiha 
Iransistors. 

Bi as-prepared devices a relatively high fihn (Mk) conductivity on the order of 
tO'^ S/cro was observed (Fig. 4c and f). limiting the ON-OEP eorcent ratio of the 
transistors to leas than 10 (inset in Kg. 4c). Unpackagcd transistors wcxc ixDiuersed in 
water at a tempei:a£afe of up to 90 X for a period of 12 hrs aid more» followed by 
drying cinder vacuum for 12 hrs. For selected samples* tliis procedure was repeated 
twice. Afterwards a decrease of the film conductiviQr by more than one oider of 
magnitude was ottserved resulting in an Increase of tb^ ON-OFP current ratbn to >l6^ - 
10^ (inset Fig. 4d) and suggesting a removal of impurities, such as ionic species, by the 
wat^ "washing". In addition the hysteresis of the device charactedstics between 
subsequent sweeps of the gaie/soutceHicaiD voltage was sigrdBcantly reduced. Most 
remarlcably* the transistor devices $howed no evidence of degiadaliffli demonstxating the 
exnaoidinaty atamty of [Pt(NH2dmbo)4][PtCl4] (JEig. 4d»e). A small decsrease of the 
field-effect mobility was noted upon water exposure^ which is explained by a direct 
relationship between the field-eSect inobility fi pbt and ttie fiitn conductivity a of the 
form (a » 0.7) (Fig. 4f). A similar lelationsh^ had previously been observed 

for doped, amorphous coxgugated polymer semi-conductots^ in which an increase of 
dopant concentration, Le., bulk conduci±vity» enhances ffao hopping raie betwem transport 
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sites. Hic small observed reduction in motxility is thon&fore not a sign of mfttAn'al 
dogtadatioa, bat is entire^ coDslsteoi with the leducttoxk ixi £ilm condactivi^. It also 
indicates that, in contrast to the mote microscopic PR-TRMC xnea^qcCTieiits, the mobzHty 
observed in FBT devices is stiU limited by tramport in disoxdeied cegibns of the fUm, 
presumably grain boundaries. 

Mobilities obtained for devices produced with the channel perpendicular to the 
oriented [PLCNEtdmoc)4j[PtCl4] molecules and for those devices produced by fipin- 
coatiog of an isotropic active layer onto. Si^SiQz wafers void of PTHB odeniaiion layers, 
wepe found to be two and tfaxee otdecs of magmtode lower than the above values, 
zespeotively (c£ inset Pig, 4e). Hm finding once again illustrates the inqportance of 
acquzcing ccmtrol of the stnictaral order in the active seiplrconductor layeo'^ whteh is 
readily acUeved for this Pt-chain compound. 

The observation of improvement of translsror characteristics lifter "Water washing" 
shoMrs that the wat^ treaiment reduces the concentratioxL of impuiitibs and unintentional 
dopant atpxns. We believe that this procedure is advantageous also for other 
semiconductors, where^ ionic impurities a£Eeot the device perfbrmanecv. One of the 
lequicements for success:^ wastdng puriScation is a good $tabilHy and insolubility of the 
as*-deposiied semiconducting matarial and oth^ layers of the device in water as wen as 
good adhesion of the diiEEerent layi^s of the device in order to prevent delamination during 
the washing step. 

Many Technological, applications of sobition-based thin film transistors such as 
iotegratcd logic circuits aiKl active-matrix displays require mobilities of 
m?rvs or higher and ON-OFF current ratios exceeding Vf which have been achieved 
in devfees conqnising organic semi-conducttng polyns^ such as poly(3- 
hexyUhiophene) or polyOucrene derivatives (e*gr poly(ihiorine-co4ntliiophene) 
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(Sinin^mus. a et al. AppL Phys. LetL 77, 406-408 (2000)]. Under optimiaaed 
conditions, the kttor ate ccportcd to display mobilities up to 0*1 crtj^fVs aiid 0*02 
cm^A^Sy respective. The PR-TESMC for ib& intdnsic mobility for tb& Pt-conqpoimdl 
imply that furtili^ jmptovenx&Dts ixx di^yk^ peifornumce may te acM&ved by, for 
example, additkmal purificatioti, ordedug of the prese»it material and optimization of 
the device design. Th© extraordinarily simple and versatile synthesis (which pennits 
easy incorporation of additional fonctionaKties)^ convenient processibiliLy, and 
Outstanding resistance to relatively luiRsh environmental conditions, combined with the 
not-prolubitive cost of tiie principal starting matexial (estimated to be about one-iiflh of 
that of substituted polyCptaeoylene vinylenes) and penUtcene)^ could make compounds of 
the type of the pxescnit [PtCNIfcdmocWlPtCU) the maimal of dkoice far certain 
^sloppy^ elsetronic products 

111 the foUowing a detailed description of mat^iaLs, thin film and device preparation as 
^eB as fiifft chaaiaoteriz^on is given. 

A detailed description of the synthesis of IPt<lSnHadmoc)4][PtCl4] was previously 
presented [Fontana. M.etal., Chcm. Mat 14, 1730-1735 (2002)]. 

Time-iesolvcd, variable temperature wide-angle X-ray scattering (WAXS) expmm^ils 
were performed on the BM26B DUBBLE beamline of the European Synchrotron 
Radiation Facility (ESRF) in Grenoble^ France. The data wcare collected witJi a curved 
micro-strip gas chamber detector portioned sueh that its center of curvature coincided 
with the sample position, and in time frames of 10 s. Reflections of the a-^hase of 
isotact^ polypropylene recorded at a wavelengiih of 0.154 imi weiQ used to calibrate the 
detector. [Pi(NH2dmoc)4]rPtCl4l powder was sandwiched between mica sheets and 
enclosed in a smaTl alamimcm sample hoMer (used for dif&rential Scanning 
calorimetty), which was placed in a modified Linkam THMS 600 hot-stage equipped 
with a. TMS-92 coitfroXler. A heating rate of S'^min was used. pp&?al microscopy was 
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caxrisd Out with a LcSca DMKX polarizing mkroscopes equipped wifh a Metder Totedo 
FP82 HT hot stSLgt. Transmissloii electron microscopy (THM) wd$ perfoimed vnQi a 
Philips CM300 instniinent opemed at 20D kV luider low-dose conditions selected to 
avoid re dnctioft of the Ptrcompounds to ^Semsatsl platmnxn. Scanning probe microscope 
images recorded in air in the contact tnodc mCh a Nanoscope B instrmnent (Digital 
Instnunents, Santa Barbara. Ca]i£)» which was calibrated with muskovite mica. UV*vis 
ti^pcotroscopy and circular dichroism Tnea^iixeixi^i:^ were carried out on filmjg of a 
thickness of about 1 <^t onto quartz glass; a JC'erkin Ehn&f Lambda 900 instnunent 
and Jdi^co J-600 spectropolarimeter weire employed. Bulk conductivities were measured 
on pressed peOets by detrommng ihe DC resistance witih two contacts clamped on each 
side of pressed peiOets of 2 mm llnpkness and 10 nun diameter. 

Thin fihm of [PtCNH2dmoe)4][PtCli] wwe genecalV prepared by casting or spin-<;oating 
(500 rpm, 300 s (FairscUeld Ibchnologies 1(K)1», from solutions compdsic^, resp. 0,2 
and 2.0 % w/w of the compound in tohisoe, imd which were prepared heating at 80 
for 30 min after which a ctear, green solution was obtained. Oriented growth offikDs 
of the Pt-compouoid was efifectuated by immersing a glass substrate coated wilh a 
fiiction-deposited. thin layer of PTPE [Wittmann, L-C. et aL .Nature 352, 414-417 
(1991)1 at room temperarore imo a super-saturated solution of the material^ prepared 
dissolving 0.2 % w/w of [Eh:C^TH3dn30c)4](PtCl|] in toluene at SO X. After 
G^proximalel/ 2 hrs, a fifan of a thickness of about 100 nm had formed^ remaifcably, 
solely onto the PTFJir-coated area. Electrostatic-spinniag was carried out according to 
standAfd techniques by applying a voltage of 10 fcV over an electrode immearsed into a 
capillary containing a hot 45 % w/w solation of [PtCNH2diDoc)4]DE^tC]4] in tpkieme and a 
ground plate, resuMog in moderately oriented jSlaments of the Pt-conipound of lengths 
up to 5 mm and cross-sedional dixnensiotis in tlie range ficom 0.1- 2 |im. One set of 
field-efEiact transistors was assembled by d^ositing thin, Siligned 
[Pt(NHzdmoc)4][Pca4] films on PTFE-coated SiCn^/SiCfe walfers. Two gold, charge- 
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jlnjectixpg ohmiQ soisrt^^r^ <?Qnt9Pt$ wem evdppiated on ix>£i of db& setxd-coiidactii^ 
film using a shadow 2zia^ For coixipai^son, dnother $et of devices comprising spin- 
coated films was fabricated firom a 2 % w/w tolcene solatioii. AH device characcemtics 
wero deteinuned with a sesm-conductor paiameteir analpzer HP414SB at room 
temperatuie. Chacge carri» molnlitaes e^diwted Aroiti the ii&spective transfer 

diaxdcteristics <Rg. 4c,d) employing the ndatioxi: 

where Ld is the source-drain currant (saturation regime). and V^d gate and 
soucoe-drain voltage^ lespectivdy, C> the insulator capddtance, W and L the channel 
•width and length, and, Vo, the tam-on voltage (see inset Kg. 4d). 

The new class of thin film organic-inorganic semiconducting devices, as Wv^ as 
die purifi£;atian techmgue for thin likn semicondacting devices containing impuritks, 
sach. as ionic species, according to this invention ace odefid in the context of TFT logic 
circuits (C. Dmry, et al., APL 73, 108 (1998)) or pixel diive IttosistOfS hi high- 
zesolulion, active matrix displays (H. Sixiingfaans, et aL, Science 280, 1741 (1998)). 
Examples of such displays are active lOnatdst poly]rt>er LKD displays, liqmd-crystal 
displays (LCD) or ebctrophoretic displays. The invention oatt also used for the 
febrication of other thin film semiconducting devices such as lectifsnii^ diodes, light 
omitting diodes, or photovoltaic diodes. 

The present faivention may inclnde any ibature or combination of features 
disclosed heiem either implicatly or ^plicitly or any generalisation thereof irrespective 
of whether it relates to the presendy claimed invention. In view of the foregoing 
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deselection it will te evident to a p&rson skflled in the art (hat various modifications 
may be made withia tho scope of tbe icLwmicui. 
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A new ciass of organdc-iaorganic mafrrials for thin Eim senuwnlvicting devices tbat 
exhsbat good stabifity in air and water» as weE as a new purification tecbnique for tbin 
£3ni semkozuluctiDg devices thai contain impurities, such as ionic species. 
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Figure 2 
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